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Abstract
Purpose: The goal of this study is to show the advantage of a collaborative work in the annotation and evaluation of
prostate cancer tissues from T2-weighted MRI compared to the commonly used double blind evaluation.
Methods: The variability of medical findings focused on the prostate gland (central gland, peripheral and tumoural
zones) by two independent experts was firstly evaluated, and secondly compared with a consensus of these two experts.
Using a prostate MRI database, experts drew regions of interest (ROIs) corresponding to healthy prostate (peripheral
and central zones) and cancer using a semi-automated tool. One of the experts then drew the ROI with knowledge of
the other expert’s ROI.
Results: The surface area of each ROI as the Hausdorff distance and the Dice coefficient for each contour were
evaluated between the different experiments, taking the drawing of the second expert as the reference. The results
showed that the significant differences between the two experts became non-significant with a collaborative work.
Conclusions: This study shows that collaborative work with a dedicated tool allows a better consensus between
expertise than using a double blind evaluation. Although we show this for prostate cancer evaluation in T2-weighted
MRI, the results of this research can be extrapolated to other diseases and kind of medical images.
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1. Introduction
The annotation of medical images is subject to an
inherent inter-variability between experts, and in some
cases, there are also significant differences between the
own annotations of the same expert (intra-variability).
This difficulty in annotating the medical findings is due
to different reasons, including the own images (difficult
to understand, low resolution and / or subtle changes,
) the expert that is performing the annotations (experi-
ence, tiredness, ) and the working conditions (monitor,
annotating device, illuminance, ). It is commonly ac-
cepted that a way to reduce the variabilities is by doing
the overlap between the annotations performed by dif-
ferent experts that performed them blindly respect to the
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other experts. In this paper we show that using a collab-
orative approach, the variabilities between experts can
be even more minimised.
We centred our study in the analysis of prostate can-
cer. Prostate cancer (PCa) remains one of the most
commonly diagnosed solid tumours among men. In
the United States, there are an estimated 180,890 new
cases and 26,120 deaths in 2016 [1]. Simply speaking
the prostate is composed of the peripheral zone (PZ),
the transitional zone (TZ) and the central zone (CZ).
Most cancer lesions occur in the peripheral zone of the
gland. A detailed description of the influence of the
prevalence factor risk according the prostate zone is de-
fined in De Marzo et al. [2]. Among the techniques used
to detect PCa, Magnetic Resonance Imaging (MRI) al-
lows the non-invasive analysis of the anatomy and the
metabolism in the entire prostate gland. MRI has been
established as the best imaging modality for the de-
tection, localisation and staging of PCa on account of
its high resolution and excellent spontaneous contrast
of soft tissues and the possibilities of multi-planar and
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Figure 1: Example of a PCa processing from E1 (left image) and from E2 (right image). Notice that the contours are similar for E1 and E2.
multi-parameter scanning [3].
The annotations of the prostate were performed by
each expert using the ProstateAnalyzer software [4].
ProstateAnalyzer allows manual drawing of the differ-
ent regions of interest (ROI) of the prostate, such as CZ,
TZ, PZ and tumour lesion, thanks to the combination
of MRI techniques (such as oblique axial T2-weighted,
diffusion and perfusion imaging) and magnetic reso-
nance spectroscopy. The manual drawing of these re-
gions is of crucial importance for the disease prognosis.
However, accurate manual annotations need the com-
bination of MRI techniques (such as oblique axial T2-
weighted, diffusion and perfusion imaging), turning this
task into a challenging work due to the high volume of
information present in these images.
The purpose of the present study is to evaluate the
variability between experts concerning medical findings
in prostate gland regions. The differences observed for
the delimitation of the different ROIs between indepen-
dent evaluation or using a collaborative work by differ-
ent users is studied. The idea behind this study is to
show that collaborative work allows a real consensus
between experts and potentially decreases variabilities
in their evaluation. Figure 1(a) presents an example of
the prostate gland analysis with manual drawing of the
TZ (in white), PZ (in blue) and tumour area (in red). We
have asked two experts to make these drawings inde-
pendently on several MR examinations, and as a second
step, one expert repeated the drawings with the knowl-
edge of the evaluation of the other expert. Differences
in the drawings such as in the volume calculations were
compared in order to verify that there is a significant in-
crease of the consensus in the results with collaborative
work.
2. Materials and Methods
2.1. Database
A database with prostate MRI based on clinical data
with tumour and healthy cases was used. The examina-
tions used in our study contained three-dimensional T2-
weighted fast spin-echo (TR / TE / ETL: 3600 ms / 143
ms / 109, slice thickness: 1.25 mm) images acquired
with sub-millimetric pixel resolution in an oblique axial
plane. Each study comprises a set of 64 images.
The annotations were performed using the Prostate-
Analyzer tool, that allows the drawing of an annotation
in a given MRI modality and automatically it draws the
same annotation in the other modalities. We mainly an-
notate the regions using the T2-weighted image (T2WI).
The T2WI modality was chosen because it provides the
best depiction of the prostate’s zonal anatomy. How-
ever, in cases were the tumoural region was better de-
picted in the other modalities, these were used to help
the annotation. The two experts have more than 10 years
of experience working with prostate imaging.
2.2. Evaluation procedure
The evaluation procedure was performed according
to different experiments to analyse the three main ROIs
(TZ, PZ and tumour lesion (Tum)). Experts have drawn
prostate zones corresponding to PZ, TZ and Tum.
The first experiment (E1) consisted of a prostate
study evaluation provided by the first expert. It con-
sisted of drawing ROIs of the prostate gland zones when
they are required. For each ROI the surface area value
was calculated. Considering the whole images for one
patient, the volume of each considered tissue was calcu-
lated as the surface of each area multiplied by the slice
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thickness. Similarly, a second experiment (E2) was car-
ried out independently by a second expert in the same
manner as E1. Finally, the first expert repeated the same
processing with the knowledge of the drawing and the
evaluation performed by the second expert (experiment
(E3)). The ProstateAnalyzer drawing tool used offers
the possibility of showing all the ROIs drawn by every
expert. A minimum delay between (E1) and (E3) should
be imposed to prevent the expert from remembering his
previous tracing. This was greater than one month in
our study. The E2 was considered as the experiment of
reference. This means that the comparison procedure
to evaluate the influence of the collaborative work was
done in two steps: firstly, E1 vs E2 and E3 vs E2, and
secondly comparison of these two evaluations.
2.3. Evaluation parameters
The correlation coefficient, the regression analysis
and the Bland Altman [5, 6] plot were used to com-
pare the surfaces obtained with E2 with those obtained
with E1 and E3, respectively. Moreover, a linear cor-
relation estimation between E1 and E2, as between E3
and E2, was performed using a two-sample t-test [7]. A
p-value smaller than 0.05 was considered as a statisti-
cally significant difference. Moreover, the contours ob-
tained from experiment E2 were compared with those
obtained with E1 and also with those obtained with
E3. An edge-based approach using the Hausdorff dis-
tance [8] and a region-based approach with the Dice in-
dex [9] were considered. The mean and the standard
deviation of each parameter for the whole data set were
calculated. Again, a two-sample t-test was used to ver-
ify if there were any significant difference between the
calculation of these parameters taking E1 and E2, and
taking E3 and E2. Before these analyses, and for each
type of tissue, the number of cases in which one expert
consider annotating on one image and not the other ex-
pert (i.e. corresponding to the upper and lower slices)
were counted and presented as a percentage of the total
number of processed slices by the second expert.
3. Results
Two examples of a PCa analysis are presented in Fig-
ures 1 and 2. The left image in Figure 1 corresponds
to the drawing by the first expert (E1) and in the right
image by the second expert (E2). Three ROIs are drawn
in both images corresponding to CZ (white), PZ (blue)
and Tumour (red). When visually comparing the two
drawings, a very good concordance between CZ and PZ
areas can be observed. Concerning the tumourous area,
Figure 2: Example of a prostate study evaluation from (a) E1 and (b)
E2 with a discordance between both drawings for the tumour area. (c)
New evaluation of the prostate study from E3 with a good agreement
for the tumour area between E3 and E2.
a small deviation is found but contours could be consid-
ered as relativity close between the two experiments.
However, not all the prostate studies were evaluated
with such as good concordance between experiments.
An example of discordance is shown in Figure 2. CZ
and PZ have a good correspondence between E1 and E2
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CZ PZ TUM
Patient Processed slides E1 vs. E2 E3 vs. E2 E1 vs. E2 E3 vs. E2 E1 vs. E2 E3 vs. E2
Patient 1 18 6% 6% 11% 0% 0% 0%
Patient 2 21 10% 10% 10% 10% 0% 0%
Patient 3 25 8% 0% 8% 0% 12% 4%
Patient 4 30 7% 0% 7% 0% 17% 0%
Patient 5 24 13% 0% 13% 8% 13% 0%
Patient 6 17 18% 0% 12% 0% 65% 0%
Patient 7 26 12% 4% 8% 0% 19% 0%
Patient 8 31 19% 10% 3% 6% 0% 0%
Patient 9 21 14% 0% 14% 0% 5% 0%
Patient 10 25 16% 0% 8% 0% 8% 0%
Table 1: Counting of the total number of cases for each area (CZ, PZ and Tumour) that have not been evaluated by the two experts between E1 and
E2, and E2 and E3.
r Regression line Bland-Altman t-test
E1 vs. E2 E3 vs. E2 E1 vs. E2 E3 vs. E2 E1 vs. E2 E3 vs. E2 E1 vs. E2 E3 vs. E2
CZ 0.95 0.98 y = 0.9x - 166 y = x - 12 -261.13 ± 168.20 -13.07 ± 118.09 0.01 0.36
PZ 0.91 0.94 y = 0.9x - 96 y = 0.9x + 21 -156.50 ± 95.71 -10.73 ± 84.60 0.01 0.32
TUM 0.96 0.98 y = 0.7x - 3 y = x + 3 -54.93 ± 64.34 -0.08 ± 27.13 0.02 0.47
Table 2: Analysis of CZ, PZ and the tumour (TUM) area calculated (in mm2) found in the prostate gland using the surface as the anatomical
parameter. E2 is the reference and is compared with E1 and E3.
but an important discordance is observed for the tumour
area. Then, a new evaluation of a prostate study for E3
concerning the tumour area is shown in Figure 2 (c). In
this example, we see the real advantage of collaborative
work. According to the two experts after adjustments,
the tumour area is similar.
3.1. Anatomic parameters
Table 1 describes for each tissue the number of cases
in which one expert drew one area and not the other. It is
represented as a percentage of the total number of slices
processed by the second expert. Considering all the data
sets (then considering all the patients), a percentage of
the total cases for both experiments is calculated. For
CZ, this percentage is equal to 12% between E1 vs. E2
and 3% between E3 vs. E2. In the case of PZ, this
percentage is equal to 9% between E1 vs. E2 and 3%
between E3 vs. E2. Finally, for the tumour it is 13% be-
tween E1 vs. E2 and 0% between E3 vs. E2. It can be
seen that in the second comparison between E3 vs. E2
the number of discordance for each area is drastically
reduced.
The correlation coefficient (r), regression line, Bland
Altman and two-sample t-test calculated for the three
zones are presented in Table 2. In general, the results
have been improved between E3 vs. E2 compared with
E1 vs. E2. The Bland-Altman test shows a better agree-
ment between E3 vs. E2 than E1 vs. E2, whatever the
area. Bland-Altman is also calculated for the volume
evaluation. For CZ it is 40± 17mm3 between E1 vs. E2
and −0.9 ± 3mm3 between E3 vs. E2, for the PZ it is
20±13mm3 between E1 vs. E2 and 3±12mm3 between
E3 vs. E2, and for tumour it is 7 ± 6mm3 between E1
vs. E2 and 0.4± 0.9mm3 between E3 vs E2. According
to the two-sample t-test, there is no significant overlap
between E3 vs. E2 whatever the considered area, while
there are always significant differences in the results be-
tween E1 vs. E2
Figure 3 (a) and (b) illustrate the linear regression
analysis concerning the evaluation of the tumour area.
The tumour area has been chosen due to its importance
and because this area is more difficult to analyze and
provides more variations among experts. When compar-
ing the two obtained regression lines, an improvement is
noted in Figure 3(b)[E3vs.E2 Tum] with a slope of 0.99
compared with Figure 3(a)[E1vs.E2 Tum] with a slope
of 0.75. In the corresponding Bland-Altman plots, in
Figure 3(d) it can be seen that the mean of the difference
between E3 vs. E2 is close to zero, meaning that there
is little bias between the two measurements. Moreover,
there is a decrease of the standard deviation.
3.2. Contour evaluation
The Hausdorff distance and the Dice index between
the different drawings are presented in Table 3. Again,
between E3 vs. E2, an improvement is observed with
respect to the results obtained between E1 vs. E2. The
mean Hausdorff distance is reduced in all the cases. In
the same way, the analysis of the Dice Index is around
0.9 between E3 vs. E2 whatever the area, whereas is not
this the case for E1 vs. E2. The differences between E1
vs. E2 and E3 vs. E2 are all significant, whatever the
considered parameter.
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Figure 3: Regression analysis obtained between (a) E1 vs. E2 and (b) E2 vs. E3 and the corresponding Bland-Altman plots obtained between (c)
E1 vs. E2 and (d) E2 vs. E3 concerning the calculation of the surface of a tumour.
4. Discussion
In this paper we analyse the ground-truth obtention
of a prostate cancer analysis using MRI by two differ-
ent experts. In contrast of what is currently done for
obtaining a ground-truth, where the evaluation of the
different experts is independently done and afterwards
objectively (or subjectively) merged, in this paper, we
study the interest of a collaborative work, where the
ground-truth is obtained by the two experts, but with
the second one knowing the opinion of the first one.
Exhaustive evaluations of the medical findings in differ-
ent regions of the prostate gland from T2WI for several
experiments using our dedicated tool application have
been performed. ROIs were drawn in the prostate gland
(TZ, PZ and tumour area if present) on images from a
prostate MRI database. We proved that using the col-
laborative approach, the variability between the experts
is significantly reduced.
Even if the results are expected, this study shows that
evaluation of medical examinations with a knowledge of
the other expert reduces drastically the differences be-
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Hausdorff distance Dice Index
E1 vs. E2 E3 vs. E2 E1 vs. E2 E3 vs. E2
CZ 8 ± 3 4 ± 1 0.7 ± 0.2 0.9 ± 0.1
PZ 11 ± 5 5 ± 2 0.6 ± 0.2 0.9 ± 0.1
TUM 10 ± 4 8 ± 11 0.7 ± 0.1 0.9 ± 0.1
Table 3: Analyses of Hausdorff distance (in mm2) and Dice index for the CZ, PZ and tumour area (TUM). A p of < 0.05 between E1 vs E2 and E3
vs E2 is found in all the cases.
tween processing. In particular, significant differences
between the two experts become non-significant when
there is a collaborative work. We probably cannot con-
clude that the diagnosis was improved, but we will agree
that there is a consensus between experts. In general,
this involves an increase in the quality of the diagno-
sis. An alternative point of view would be to affirm that
the experiment E3 is biased. An additional experiment
could be performed: the second expert could repeat the
process knowing what did the first one. However, in our
opinion, this is not necessary because the main objec-
tive of this study is to objectively show that collabora-
tive work in current clinical practice can provide a real
consensus between experts even if there is potentially a
bias in the evaluation process.
In a previous work we also analysed the state of the
art in automatic prostate segmentation [10]. In that work
we drew a set of open problems mainly related with
the evaluation procedure. This can be summarised as
(1) variabilities in the ground-truth, (2) unavailability
of public prostate datasets, and (3) lack os standardised
metrics for evaluation. We believe the work presented
in this paper presents the roots for designing a proper
dataset for prostate evaluation. The collaborative work
explained in this study is the first step for obtaining a re-
liable ground-truth, without expert variabilities, which
automatic algorithms could be robustly compared.
As a conclusion, although collaborative work re-
quires more time, it allows the improvement of the man-
agement of patients with prostate cancer by providing
consensual diagnosis, in particular in complex cases.
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